Abstract. Woven fabric kenaf composites offer superior specific stiffness (and strength), renewable, better handling and relatively cheaper than commercial fiber composites counterparts. Current work is carried out to predict the notched strength of woven fabric kenaf fiber reinforced polymer (KFRP) composite plates containing a circular hole. Extended finite element framework is implemented within two-dimensional ABAQUS CAE to implement traction-separation as a constitutive model. The parameter used in constitutive modeling are unnotched strength, σ 0 (which is measured independently) and a single fracture energy value, G c * was used throughout all modeling framework series. The modeling series covers a range of lay-up types woven fabric kenaf composites lay-ups with notch size of 2.5 mm, 5 mm and 10 mm at the plate centerline. The prediction in current study showed reasonable agreement with experimental datasets.
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INTRODUCTION
More recently, natural fibers are used as alternative fiber reinforcement in polymer composites fabrication due to advantages it can offer than commercial fibers such as glass and carbon fibers. Natural fibers used as composite reinforcement, among others are kenaf, hemp, banana, coir, kapok, jute and sisal fibers. The advantages of natural fibers over commercial fibers are relatively cheaper, low density (hence good specific strength), renewability, recyclability and bio-degradability [1] . However, the study reported in literatures on stress raisers of natural fiber composites are relatively small as compared to conventional Carbon Fiber Reinforced Polymer (CFRP) and Glass Fiber Reinforced Polymer (GFRP), and not fully understood due to its complex behavior. In most developing countries such as Malaysia, availability and implementation of CFRP and GFRP composite system are limited due to soaring price as it is considered as imported goods, although there is highly demand in construction industry.
Most structures components are joined by mechanically fastened technique which requires the introduction of hole. The failure mechanism at the stress raisers (at vicinity of hole edge) is somewhat complex and requires experimental testing framework to understand its structures behavior. Whitney and Nuismer [2] introduced the characteristic distance approach, by using the stress distribution analysis to predict the tensile strength of composite lay-up covering a through-thickness hole. The notable semi-empirical criteria proposed were Average Stress Criterion (ASC) and Point Stress Criterion (PSC). Both criteria hypothesized that laminate failure happens when the stress at characteristic (damage zone) distance from the hole edge reaches the un-notched laminate strength.
Recently, most prediction works are based on finite element modeling framework as a result to evolution in powerful computing technology to enable a three-dimensional modeling framework to be implemented. Progressive damage modelling approach takes into account the damage and stress redistribution (corresponds to reduced stress Ahmad et. al. [5, 6] showed that the notched strength of CFRP woven fabric composites could be modeled accurately using cohesive zone model (CZM) [5] and extended finite element method [6] , current study expands the strength prediction of open-hole problem on woven fabric kenaf composite plates by implementing cohesive stressdisplacement constitutive model within extended finite element method (XFEM) framework. This strength prediction work can be further expanded to more unified problem such as structures response subjected to fatigue loading [7] and blast loading [8] .
FINITE ELEMENT MODELLING
Three notch sizes of woven fabric kenaf composite plates taken from previous experimental study [9] were modeled within 2-D extended finite element framework using ABAQUS CAE Version 6.13.1. All models were halfmodel to reduce computational and timing effort during processing stage. The notched strength dataset is taken from the laboratory testing series work conducted by Romanye and Ahmad [9] using woven fabric kenaf composite laminate system with various combination of hole diameters, weave style and laminate thickness. All plates comprised with gauge length, L of 150 mm, plate width, W of 25 mm and a circular hole diameter, d of 2.5 mm, 5 mm, and 10 mm. In association with the strength prediction work modelling, a comprehensive dataset of elastic properties and traction-separation parameters which regards as material properties of woven composites has been determined.
Current work implemented independent experimentally determined σ o and in-plane elastic modulus as reported in [9] , but a single fracture energy value is used in open-hole strength prediction taken from [1] of all lay-ups. The fracture energy value used is based on quasi-isotropic woven fabric kenaf composites system to be implemented within constitutive model of XFEM framework and the constitutive model is only valid for a self-similar crack associated with stress raisers. Fracture energy is regarded as material property to resist the crack formation as external remote tensile loading applied. Other elastic properties which are grossly estimated rather than independently measured are shear modulus and Poisson ratio. For quasi isotropic lay-up, a value of 0.3 and expression G=E/2(1+v xy ) were taken as Poisson ratio and shear modulus respectively. On the other hand, cross-ply lay-up series was assigned with a Poisson ratio of 0.1 and shear modulus of 1/10 in-plane elastic modulus. 
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At the vicinity of the notch edge, the meshes are refined and made coarser as it getting further from the notch. As described by Romanye and Ahmad [9] , local failure events were localized at the vicinity of the notch edge including delamination; matrix cracking and ultimately fiber tow failures. The catastrophic failure occurred as the fracture reached beyond cohesive length from the notch edge. Therefore, the region of interest for material researchers is to closely concentrates at the hole edge vicinity and sufficient mesh refinement should be made within these region. Longitudinal displacement is applied on the right free edge, while the left hand side of the plate is held fixed. Since only half of the plate is modelled, the bottom edge of the plate is assigned as y-symmetry boundary condition.
RESULTS AND DISCUSSIONS
A typical load-displacement plot from the XFEM modelling is shown in Fig. 1 , the peak from the respective curve gives the ultimate load for the analysis conducted in current study. The illustration in Fig. 2 illustrates the corresponding damage plots at specific points on the loading history as labelled in Fig. 1 . Due to the stress concentration ahead of notch under tension, the damage threshold is located at the edge as expected (labelled as point A in Fig. 1) . Upon crack initiation, tested coupon was still able to carry the increased applied load until crack propagation reached approximately one radius length, at which catastrophic failure occurred (showed as point B in Fig. 1 ). The cohesive separation is continued until catastrophic failure, a point where maximum load is achieved (point C in Fig. 1) . The stress at failure in each modelling work of notched woven kenaf composite plate prediction result by XFEM is then compared to the experimental data subsequently. 
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The results of all testing series in woven fabric KFRP composite systems with different notch sizes are presented in Table 2 . XFEM predictions for cross-ply with thickest layer laminates are less accurate especially with smaller notch size. The apparent fracture energy value is taken based on quasi-isotropic lay-ups, therefore larger discrepancy in cross-ply lay-ups is perhaps not surprising. In cross-ply lay-up, it is also found that thicker lay-up showed larger discrepancy than thinner plates. The similar observations were found from Ahmad et al. [6] .
The trends of strength prediction in other quasi-isotropic lay-ups (PT2 and PS2) are similar to PQ2 results. The discrepancies between these methods predictions are in very good agreement as most of the values are less than 15%, except the thickest and largest notch diameter, where the discrepancies are relatively larger. However, prediction result with discrepancies lesser than 20% is in good agreement with the experimental work. XFEM approach used in current work are it is physically based constitutive model (showing self-similar crack observation and localized micro-damage event (matrix cracking, delamination and fibre fracture) ahead of crack tip prior to catastrophic failures). This prediction, however, can be further improved by using independently measured material properties for each lay-up (and not using a single fracture value used in all lay-up investigated, also known as apparent fracture energy G c value). 
CONCLUSIONS
The strength prediction of circular open hole woven fabric kenaf composite plates uses a simple physically-based traction-separation relationship within finite element framework. Current study were implementing XFEM framework in ABAQUS CAE, to be validated against experimental data sets. Good agreement was found between the predicted strengths in this study to the experimental data, and the strength predictions were giving reasonable prediction, all lay-up showed discrepancy below 20%. This approach used apparent fracture energy value, it is suggested that better strength predictions if independently measured fracture energy value is implemented.
